INTRODUCTION
Electric energy initiated cold plasma states arise when accidentally free electrons of a low pressure gas or a gaseous mixture are accelerated by electric or electromagnetic fields to a kinetic energy level at which ionization, excitation and molecular fragmentation processes are induced, associated with the generation of electromagnetic radiation. This state of the matter is characterized by the simultaneous presence of electrons, ions of either polarity, neutral atoms and gas molecules, mono and multiple free-radicals and excited species in lower or any higher states, and photons. The relative ratios and abundance of these species depend on the external (pressure in the reactor, electric power dissipated to the electrodes, temperature of the surfaces which limit the plasma, etc.) and internal (electron and charged particle energy distribution, charged and neutral particle densities, etc.) plasma parameters. The number of positively and negatively charged carriers usually are equal and consequently the system is neutral as a whole. Based on this global neutrality plasmas are considered as the fourth state of the matter. The plasma state can be associated with the high energy content of the matter. At very high temperatures, like over 8,000°K all atoms and molecules are ionized and both the electrons and ions have very high energies; this states represent the so called "true plasmas" or equilibrium or "hot plasmas". It is estimated that over 99% of the matter of the Universe is in the plasma state. All active celestial bodies, e.g. our Sun, represent true plasmas. The interstellar spaces are considered rarefied plasmas, as well. At much lower energy contents the degrees of ionization are small (1-5%) and the atomic and molecular charged-and neutral-species have low energies while the electrons have a relatively high energy content. These states of the matter are usually recognized as "cold plasmas" or non-equilibrium plasmas, and due to the relatively low energy contents of composing species these discharges are suitable for modifying organic matter. The plasma state can be generated by mechanical, chemical and electrical energies. However, plasma is loosing energy towards the walls which confine it through collision and radiation processes, and as a consequence energy must be injected into the system continuously in order to sustain the discharge. The most convenient way to supply energy on a continuous manner is by using electrical energy, and consequently electrical energy initiated discharges are the most common plasmas. Since the ionization potentials (the work required to remove a given electron from its atomic orbit) required for the formation of mono-ions from atoms of common organic compounds (C=11.26; H=13.6; 0=13.61; N=14.53; C1=12.96; S=10.36 eV, etc.) belong to the tail region of the energy distribution , the low degrees of ionization of cold plasmas are obvious. It also can be noticed that the 0-5 eV energy spectrum of cold plasmas is intense enough to cleave almost all chemical bonds involved in organic structures (Table 1) and to create active molecular fragments (e.g. free radicals).
Relatively higher energies are required only by the dissociation of double and triple bonds and by the formation of corresponding poly free radicals. As a consequence, all organic and elemental organic derivatives can easily be modified and converted into macromolecule structures (on the surfaces which limit the plasma state) through the recombination of plasma generated active molecular fragments. It also can be understood why higher energies of active species of plasmas will generate macromolecular structures based on unsaturated bonds and three-dimensional networks (crosslinked structures).
Beside the plasma induced gas-phase processes and recombination mechanisms the active species of plasma interact and tailor continuously the original (reactor walls, inorganic, organic or polymeric substrates exposed to plasma) and self created (plasma deposited micro or macromolecular structures) surface layers which limit the discharge. The balance between the active-species-driven recombination and decomposition reactions will control the intensities and predominance of surface functionalization, ablation or macromolecular-structure deposition-mechanisms. Due to the fact that process. Even higher energies injected into the discharges (electric or electromagnetic energies dissipated to the electrodes) will influence mainly the absolute values of charged and neutral particle intensities and it will have a less significant influence on their relative ratios [1] [2] [3] [4] [5] [6] [7] .
The interaction of reactive-and non-reactive-gas plasmas with polymeric substrates has been studied extensively [8] [9] [10] [11] [12] [13] [14] [15] . The implantation of reactive amine group functionalities onto synthetic polymeric surfaces for tailoring characteristics like, reactivity, adhesion, dyeability, surface energy etc., is one of the promising possibilities in this area. In essence, N, H and C based derivatives would be capable of incorporating amine (primary, secondary, tertiary, cyclic) and imine functionalities onto polymeric surfaces, under cold plasma conditions. These groups exhibit advanced basic character (nucleophilic agents) and promote consequently molecular interactions with acidic counterparts. However, due to the high instability (reactivity) of imines and secondary amines, primary amine functionalized surfaces remain the potential candidates for second stage ex-situ surface modification reactions (e.g. grafting mechanisms).
Early attempts to implant primary amine functionalities have been initiated from ammonia discharges.
The plasma induced decomposition of ammonia has been studied for both theoretical and practical purposes [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] , but the molecular fragmentation and recombination processes have still not been fully understood. It has also been found that ammonia plasmas does not produce primary amine implantation efficiently [26] and accordingly saturated and unsaturated amine-plasmas were suggested to be employed as an alternative [27] [28] [29] [30] [31] [32] [33] [34] [35] . Successful surface amination of various polymeric substrates were reported, however due to the diversity of plasma reactors, nature of plasma gases and experimental conditions direct comparison of results from these experiments is difficult. In order to increase the relative amount of surface-grafted-NH2 groups relative to the total N-containing functionalities, the utilization of NH3/H2-plasmas was suggested [36] recently. It was demonstrated that the hydrogen atoms produced in the discharge can transform the grafted N-based groups into NH2 functionalities, and that after-glow conditions facilitate the primary amine group implantation processes.
It can be assumed that higher primary amine surface-densities could be achieved from multi-aminegroup containing starting components. However, some of the optimal potential candidates from this class of compounds exhibit low volatility (e.g. melamine, paraphenylenediamine, etc.) which would require specially designed plasma reactors and elaborate handling procedures. Thermal decomposi-tion mechanisms which are often associated with the vaporization processes and undesired amine depositions outside of plasma zones, make the control of plasma reactions difficult.
Recently an alternative method for surface modification of polymeric substrates from non-volatile compounds was suggested in our laboratories, which proposes the development of simultaneous evaporation and plasma-induced surface modification reactions. In essence the technique implies the exposure of non-volatile compound pre-coated polymeric substrates to inert-gas-plasma conditions. The vapor origin active species of the discharge permit the development of efficient surface functionalization reactions in the absence of a laborious reactant handling procedure. In this paper primary amine implantation onto polypropylene (PP) surfaces is investigated under the action of melamine (M) and urea (U)-RF-plasmas. injector splitter temperature; 100°C, temperature profile of the column; l minute at room temperature then heated up to 300°C at rate of 20°C/min., electron energy; 30 eV). Both starting components were run through the GC system in order to verify their purity. Surface atomic compositions of untreated and M-and U-plasma modified substrates were evaluated using X-ray photoelectron spectroscopy (ESCA Perkin Elmer Physical Electronics 0 5400 Small Area System; Mg source; 15 kV; 300 W; pass energy: 35 eV; angle: 45 degrees). The measurements involved C 1 s, 01 s and N 1 s.
Wettability of virgin and plasma treated samples were evaluated by using a computer aided CAHN Dynamic Contact Angle Analyzer (2x30 mm samples, elevator speed: 150 um/s, humidity: 50%, temperature: room temperature). Post plasma grafting reactions were carried out according to the following procedure: U-argon-plasma treated PP substrates were immersed in 100 ml TDIITHF solution (5 g TDI and 70 ml THF) and stirred for 1 hour at 60°C. Then 150 ml of PEG/THF/DD solution (1 g PEG, 30 ml THE and l ml DD) was added and the mixture was kept an additional hour at 60°C. The PP samples were then removed from the solution and oven cured for 35 hours at 95°C. Then the polyurethane grafted substrates were THF-extracted, dried and stored for analytical purposes.
Plasma Treatment: Surface modifications of PP substrates were performed in a capacitively coupled, 50 kHz, stainless steel plasma-reactor described earlier [4, 5] . In a typical experiment M-or Ucoated PP substrates were positioned on the lower, grounded-electrode, then base pressure was established, and by operating proper flow controllers and valves the treatment-argon-pressure was created in the reactor. The Ar-plasma was then ignited and sustained at the desired RF-power for the preselected time period. At the end of the reaction the PP-samples were removed from the reactor, washed in hot water, dried in vacuum oven, and stored for analytical purposes and for post-plasma treatment operations. The following experimental conditions were used during the plasma treatments: base pressure: 50 mT; pressure in the absence of plasma: 100 mT; RF-power dissipated to the electrodes: 100 W; argon flow rate: 6.0 sccm; treatment time: 0.5-10 minutes; temperature of the substrate: 25°C.
RESULTS AND DISCUSSIONS LEE-MS plasma induced fragmentation of M and U are presented in Fig. 2 and Fig. 3 . It can be noticed that the M-origin main ion-molecular fragments are m/z= 85 and 84, and m/z=42 and 41, beside the molecular-ion (m/z=126), which suggest an electron induced splitting of =C(NH2)-N= units. It is noteworthy that the intensity of 41 fragment is significantly higher than that of 42 indicating the simultaneous presence of intense dehydrogenation processes. The multi-free-radical species resulted from m/z= 85, 84, 42 and 43 ions will probably recombine on plasma activated PP surfaces giving rise to the implantation of -NH2 and =NH functionalities. The fragmentation pattern of U is sensibly different for that of M. Only one major ion-molecular fragment (m/z= 44) can be identified in the spectrum in addition to the molecular ion (m/z=60). Primary amine and amide functionalities are the results of dissociation mechanisms. It also can be noticed that the dehydrogenated correspondents of amide-type fragments are less abundant in the molecular fragment mixture. Radical species resulted from the plasma-generated dissociation of U will probably lead to the implantation onto substrate surfaces of =NH, -NH2, and -C(NH2)=0 functionalities. MS-electron and plasma-induced molecular fragmentation mechanisms are certainly not identical, however, significant similarities have been found between the two processes [37, 2, 5, 6] . Some similarities between the plasma induced M and U based processes should not be excluded due to the possible synthesis of M from U according to the following reaction:
6 OC(NH2)2 C3N3(NH2)3 + 6 NH3 +
3C02
The ammonia-origin hydrogen might also enhance the formation of primary amine structures.
Surface functionalization of PP from MIA-plasma: ATR-FTIR spectra of untreated and WAplasma treated PP substrates are presented in Fig. 4 and It has been demonstrated that the wettability characteristics of plasma modified substrates are strongly related to the surface atomic compositions (Fig. 10 ). An important decrease of contact angle can be observed in the first minute treatment time period, followed by a less significant diminuation of this parameter. Similarly, primary amine group concentration evaluations from PP sample surfaces indicate the presence of a more intense primary amine implantation for the first period of plasma treatment process (Fig. 11) . It is noteworthy that surface primary amine group concentration as high as 10 amine groups/nm2 can be generated at relatively short treatment times. region of asymmetric and symmetric primary amines, and those of secondary amines and imines (3200-3500 cm 1) also is dominated by a broad absorption. These findings indicate the coexistence of primary and secondary amine, amide and imine-type functionalities. High resolution ATR-FTIR spectra of the wavenumber region of 1200-1800 cmi 1 recorded from PP substrates exposed to plasma for various time intervals (Fig. 13) clearly show that longer treatment times induce more intense N-H and C=0 absorption. It also can be observed that the most intense amination reaction undergoes in the first two minutes; longer exposure to the U/A-plasma of PP samples does not change significantly the NH X group concentrations.
Surface
Survey ( Fig. 14) and HR- (Fig. 15 )-ESCA data derived from U/A-plasma treated PP also indicate the presence of NH X and/or -C=O(NH) functionalities on the substrate surfaces. However, in this case a higher oxygen (21%) and nitrogen (17%) content can be observed in comparison to the M/Ardischarge modified samples. This can probably be attributed to the presence of U-origin -C=O(NH2) fragments in the plasma generated mixture of gaseous-phase active species. Similarly to the Mtreated samples the HR ESCA diagram of C 1 s region exhibit a trimodal pattern and the non-equivalent carbon atoms were identified as 0=C*(NHX) (288.6 eV), and -C*(NHX) (287 eV) based on database-spectra.
The influence of treatment time on the relative surfaces atomic composition of U/Ar-plasma modified samples indicate a similar behavior for the C/N ratios ( Fig. 16 ) and a different pattern for the C/ 0 ratios (Fig. 17) in comparison to the M/U-plasma treated substrates. The most intense nitrogen up- take is recorded in the first few minutes, followed by a less significant nitrogen accumulation in the surface layers at longer treatment time periods. The slight increase of oxygen concentration at longer plasma-exposes (5 minutes and longer) can probably be related to the intrinsic oxygen content of U.
The influence of treatment time on the surface concentration of primary amine functionalities from U/Ar-plasma modified PP samples is shown in Fig. 18 . Similarly to the M/Ar-plasma derivatized High Resolution ESCA Cls Signal of Polyurethane Grafted Urea Plasma Treated Polypropylene Fabric (lOOmTorr,100 W,10 min).
